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Features of J-PARC Neutrino Beamline

High intensity beam
750 kW proton beam (30 GeV, 3.3x10' protons/pulse)
Off-axis neutrino beam (2~2.5°)
Narrow band beam ~ 0.6 GeV

flux peak at 1st oscillation max.
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Design Philosophy of Neutrino Beamline

Tolerance for high power beam
All beamline components designed for 750 kW beam
Equipments that cannot be replaceable after irradiation are

designed for 3 or 4 MW beam.
Remote maintenance
Secondary beamline equipments are highly irradiated with more

than 1 Sv/h.
Beamline components inside Target Station can be replaceable

remotely.



Secondary Beamline

Target Station (TS)
Decay Volume (DV)

//—\ Beam Dump (BD)

- Target Station (includes target and horns)
- Decay Volume
- Beam Dump



Target Station

Larie flange, sealed with
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Beamh window
Ti=alloy

Horn-1 Horn-2

Horn1

26mmao X 910mm = Baffle
Graphite -
= . 1G-430U Gra P hite

Collimator

He-gas cooling

" Ta rget

All equipments inside Helium Vessel can be replaceable,




Target

- Graphite target

26mm¢ X 910mm-long rod (1G-430U) .

Covered by 0.3mm-thick Ti case

- Helium cooling

Cooled with 200m/s helium flow

Tensile strength 37 MPa
Radiation damage 1s key 1ssue

- Remote exchange

Exchangeable with manipulators

26mme x 910mm
- Graphite

He-gas cooling

30 GeV, 3.3x10'* ppp
(~40 kdJ heat load)
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Magnetic Horn

Aluminum alloy conductors
(A6061-T6)

Coaxial cylindrical structure
Iner=t3mm, outer=t10mm

Allowable stress=25 MPa (taking into :

account corrosion)
Safety factor ~2

320 kA pulsed current (rated)
2.1 T (max.) toroidal field

2~3 ms pulse width
2.48 s cycle = 1.3 s for 750 kW

Water cooled

Total heat load 25 kd @ 750 kW
15 kd (beam) + 10 kdJ (Joule)

Spraying water to inner conductor
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Target Station / Decay Volume / Beam Dump

. Decay Volume (DV) Helium Vessel @ TS

Maximum 77 MPa
100 m long e |
2~2.5° OA angle for SK and HK -
water-cooled 1ron = 4 MW beam acceptable

- Beam Dump (BD)

Graphite core + water-cooled Al plates
Acceptable for 3 MW beam

- Helium Vessel (TS, DV, BD)

1500 m? gigantic helium vessel
Filled with 1 atm. helium gas.

Decay Volume @&

Photograph by Joe Nishizawa



Operation Status

Total Accumulated POT for Physics

' v-Mode Beam Power
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- Achieved beam power so far

335~350 kW continuous operation
1.8x10'* protons/pulse = world’s highest intensity

- Accumulated 1.1x10%! POT

7.0x10%° POT for neutrino mode
4.0x10%° POT for anti-neutrino mode
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Limitation for High Power Beam

What are real problems in high power operation?

Things to be well considered at design stage.

Mechanical strength
Cooling
Fatigue

These 1ssues are major consideration, however,

+ In reality, beam power is limited by

treatment of radioactive wastes

radioactive water.
radioactive air.

production of hydrogen from water radiolysis
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Radio-active Water Disposal

Radio-active water @ 750 kW

"Be: 300 GBg/year = 99.9% removed by Ion Exchangers.
3T: 150 GBqg/year = Diluted many times (80 times/year)

Limited dilution tank size — 0.5 MW
Highly-activated water can be taken by tanker truck.

750 kW will be accepted.
For BD/DV downstream cooling water, connection equipment
for tanker truck was prepared and tested.

Water disposal system at TS Remove 80times
99.9 % of 'Be /year

TS
— s N2 dilution water
Off limit . . | ‘
lon exchangers during beam Snly ﬁesg)m_ |
eam-
‘ i i i off DP tank  |dispose

on
21m3Buffertank|—> 9 il e —

t “used together)
lop exchangers H,50, || NaOH (effectively 84m3)
‘ i i i pH control system *

drain water == 30m3 Drain tank | 15




Hydrogen Production in Horns

- H2 produced by water radiolysis
Expected production rate ~40L/day@750kW

- Hydrogen removal by recombination
Forced flashing inside horns = Hb2 reaches catalyst efficiently
H2 density after 2 week operation < 0.7% @335 kW

1 MW beam acceptable (w/ keeping Ha density < 2%)
Degasifier will be introduced for higher recombination efficiency.
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Current Acceptable Beam Power

Conponent ‘

Target

Horn

He Vessel

Decay Volume

Beam Dump

Radiation

Limiting factor ‘Acceptable value
Thermal shock 3.3x10 ppp
Cooling capacity 0.75 MW
Conductor cooling , 2 MW
Stripline cooling | 0.54 MW
Hydrogen production | 1 MW
Operation 2.48 sec. & 250 kA
i’l‘hermal stress 4 MW
Cooling capacity 0.75 MW
IThermal stress v 4 MW
Cooling capacity | 0.75 MW‘
.Thermal stress | 3 MWV
Cooling capacity 0.75 MW
Radioactive air disposal 1 MW

Radioactive water 0.5 MW
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10 Year Term Plan of Beam Power Improvement

Design beam power = 750 kW
Will be achieved in 2018
Beam power over 750 kW 1s recently being considered.

Aim for 1.3 MW beam by 2026

Proton intensity = 3.2x10' protons/pulse.
Repetition cycle = 1.16 sec. with new MR power supplies.

Can our beamline accommodate to 1.3 MW beam?

Beam Power  # of protons/pulse Rep. rate
350 kW (achieved) 1.8x10 2.48 sec.
750 kW (proposed) 2.0x10% 1.30 sec.

l[original plan] [3.3%x10%] [2.10 sec.]

1.3 MW (proposed) 3.2x10 1.16 sec.
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Prospect for Hardware Upgrade

- Cooling capacity
Apparatuses themselves can withstand 1.3 MW beam.
Improvement of flow rate both for water and helium circulations is

needed.

Replacement with larger pumps
Replacement with larger-size plumbing
— These will be feasible but need 1 year for modification.

- Radiation

Radioactive air
Reinforcement of air-tightness = 1.3 MW can be manageable.

Radioactive water disposal

Enlargement of dilution tank
Modification of existing tank = ~1.3MW
New facility building for water disposal = 2MW
2 years for construction (no beam stop needed)

19



Horn Operation Improvement

Operation status

250 kA operation for physics data taking since 2010.
Mainly due to refurbishment of old K2K PS (rated 250 kA).

Currently, operated with 2.48 s cycle.
1.3 s for 7560 kW (not operated with the existing PS)

3 PS configuration for 320 kA and 1 Hz operation
- New power supply developed (2 PS’s already produced).

-+ Also, low impedance striplines newly developed.

Timeline

Production of the last PS, transformers, part of striplines
Aim to start 320 kA operation from summer 2017.

Summer 2015~ Summer 2017~
Power supply (New) Power supply (New) Power supply (New) Power supply (New)
5.2 kV @ 250 kA 6.4 kV @ 250 kA 5.8 kV @ 320 kA 5.6 kV @ 320 kA 5.4 kV @ 320 kA
“ N T
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Improved Acceptable Beam Power

Conponent Limiting factor Acceptable value
Thermal shock 3.3x10* ppp
Target | , :
Cooling capacity >1.5 MW
Conductor cooling 2 MW
Stripline cooling 1.25 MW
Horn | :
Hydrogen production >1 MW
’Operation 1 sec. & 320 kKA
He V ! Thermal stress 4 MW
e Vesse
Cooling capacity >1.5 MW
Thermal stress 4 MW
Decay Volume , :
Cooling capacity >1.5 MW
Thermal stress 3 MW
Beam Dump . .
Cooling capacity | >1.5 MW
Radioactive air disposal >1 MW

Radiation

Radioactive water

0.75—1.3 or 2 MW
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Summary

J-PARC Neutrino Beamline

High intense narrow band beam.
Designed for 750 kW beam

Operation status
350 kW stable operation so far.
Need improvements on some components such as radiation issues,
hydrogen production and so on.

Beamline improvement

1.3 MW beam scenario 1s being discussed.
Necessary improvements
Higher cooling capacity for every components

Treatment of radioactive wastes
Horn operation (320 kA and 1 Hz)

22



Supplemental Slides



Stripline Cooling

- Forced helium flow for stripline cooling.

Large heat deposit at Horn2 (due to defocused pions)
Insufficient helium flow rate for Horn2. — 0.54 MW

Double flow rate for Horn2 — 1.25 MW

- Water-cooled striplines

Necessary when beam power goes beyond 1 MW.
Under conceptual design.

Hornl Horn2 Horn3

Heat flux per stripline plate (J/m?*) @ 1.3 MW

Total (Beam + Joule) 214 1066 141
Acceptable Beam Power |
w/ current flow rate 2.10 0.54 3.46

w/ double flow rate . 1.25
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Radio-active Water Disposal

+ For beam power > 750 kW,

» larger dilution tanks are necessary.

- Solutions
- Enlarging the existing dilution tank = 1.3 MW at max.

- New facility building for radio-active water disposal = 2 MW
Its operation can be started from 2018 in earliest case.

New facility building




Radioactive Air

Chimney stack

Short-lifetime radio-activity like Ar41(t~2h)
Exhaust system produced in underground area

_ Ground floor ‘

Cozcrete shielc's

Building

Helium compressor

Helium compressor

ooling water systen ‘ Q Storage area
' ) $
Q

Machine room




Radioactive Air

Chimney stack
A
‘.| | Go out through Leakage of radioactive air
_-| | exhaust line from underground area
ust system through gaps
!
Regulation by
law:

< 0.5 mBq/cc Building

Helium compressor g

Helium compressor ‘ Target Q
ooling water systen ’ Horns @ Storage area
‘ e
¥

Machine room




Improvement of Air Tightness

Caulking between concrete shields

Lay the air-tight sheet

Lay the protection sheet under air-tight sheet




Radioactive Air (Current)

Chimney stack
4
‘. Go out through Leak rate reduced, but leakage happens
_{ | exhaust line through the edge of sheet.
!
Regulation by
law:

< 0.5 mBqg/cc Building

Helium compressor |

Helium compressor ‘ Target Q
ooling water systen ‘ Horns @ Storage area
‘ e
W

Machine room




Radioactive Air (Improvement Plan)

Chimney stack

Go out through Add air-tight lamination (made of steel and
_{ | exhaust line air-tight material) under concrete shields

!

r B /~~ Ground floor Caulking +Air-tight sheet

Regulation by
law:

< 0.5 mBqg/cc

Concrete shields

Building

Helium compressor

Helium compressor ‘ Target Q
. Storage area
ooling water systen ’ Horns
| " .
Q

Machine room
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Flux Improvement by Neutrino Beamline

- Magnetic horn current
250 kA = 320 kA (rated)

10 % improvement of neutrino flux at far detector

v flux SK (0.4-1.0GeV, normlized)

[flux/flux(320kA)]
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o2l P2 0.3798E-03 +  0.1342E:03 |
P3 0.5822E-04 +  0.1267E-06
P4 -0.3098E-06 +  0.5110E-09
P5 0.6829E-09 + 0.1719E-11
, P6 -0.5786E-12+  0.4240E-14
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Flux Improvement by Neutrino Beamline

- Another benefit of 320 kA operation

- Low contamination of wrong-sign neutrino background
- 5~10% reduction at peak (E+v~0.6 GeV)

Flux ratio 320k A250kA

Flux ratio 320kA250kA
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